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ABSTRACT

During the years following the Solar Wind Four Conference at Burghausen
our kncwledge of the solar wind lon composition and dynamics has grown. There
have been come surprlses, and our understaendling of the evolutlon of the solar
wind has been Improved, Systematic studles have shown that the minor 1ions
generclly cravel with a common bulk speed and havel temperatures roughly
proportional +to thelr masses. It has becen determined that the et content
varles greatly ; et/ bpett ranges from as high as 102 values to bhelow
2 x 1074, In some solar wlnd flows whlch can be related to energetlc coronal
events, the minoy jons are found In unusual lonlzatlon states contalnlng Felb+
as a prominent fon, shewlng that the states were formed at unusually high
temperatures,  Unexpectedly, in a few flows substantial quantltles of 4tet nhave
been detected, sometimes with lons ldentlflable as 02% and 03+, Surprlslingly,
In some of these examples the lonlzatlon state Is mixed showing that part  of

he  plasma escaped the corone wlithont attalnling the usual milllon-depree

temperaturen whe le other parts were heated more nearly {n the normal  manner.
Addltfonnlly, detalled rtudlen of the minor {ons have increased our
understanding o the  corounl  expanslon. For example, ruch &studies have

contiibuted to  Identifylng near ecquatorial coronal streamers ag the source of

colar wind {flows between gl sapeed ntveamn.

D ke n
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INTRODUCTION

Since the Burghausen Solar Wind 4 Conference in 1978, a number of new
observations and studlies of solar wind minor lons have been reported. This
survey discusses a few of these and some of thelir implica.ions and mentions
others more briefly. Some of the studles are treated in more detall elsewhere
in thls volume. The topics to be consldered are listed below:

1. Abundance of “Hett and its variations.

2. Abundance of 3He™ relative to “He't.

3. Minor lon temperatures and velocities.

4, Abundances from E/Q speztra of heavy lons.

5. Iron lons In high speed streams. .
€. Ionizatlon temperatures in high speed streams.
7. lonlzatlonally '"hot" transient solar wind flows,

B. lonlzatlonally “cold" trranslent flows.

. ABUNDANCE OF “Hett AND ITS VARIATIONS

Heltlum abundance varlatlons have been studled using data ovbralned from Los
Alamos plasma Instrumentatfon on IMP 6, 7, and B in the vears extending from
1971 through 1978. The study documents the assoclatlon of dlfferent average
abundance levels with differcnt types of solar wind flows (Bovrinl et al.,
1962a). As scen In Flgure 1, low valuer o abundance are [dentlfled with those
low &peed, Interstream {lows In which polarity reversals of the Interplanetary
magnetlc fleld (IMF) are embedded. Intermedliantz nbundances are assscloted with
high kpeed streams from coronnl holes, ns previously noted (Bawe ot al., 1977),
abundance varfatdons In atreamd are swall. High nbundancer, of course, ave
appociates! with erergetlc coronnl events; asuach an assoclat!on with solar flaves

han been recognized and documented fn miny wtudlies durlng the pant 15 yonrrs.
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Fig. 1. Interplanetary solar wind flow characteriatica associated with
varying levels of the helium abundance. Low valuas of abundance are
associated with low speed flows which can bhe ldentified withh coronal
ntreamers, median valuea cen be {(dent{fied with high ajred streama arising
in coronal holes, and high values can be {denrifisd with trauslent flown

fiom varfonn kinda of energeric coronal events.
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Earlier studies of the solar cycle variation of the helium abundance
(e.g. Bame, 1972; Ogilvie and Hirshberg, 1974; Feldman et al., 1978) have been
extended using IMP 6, 7, and 8 plasma results (Borrini et al., 1982a), The IMP
data, shown 1n Figure 2, exhibit a continuing modulation which reached a
minimum in 1975-76 and was sharply rising in 1977-73, 11 years after a slimilar
rise observed In 1966-67. An important part of this modulation is due to solar
cycle changes in the mix of dlfferent types of solar wind, i.e. the 1low speed
interstream flows with 1lcw He abundances, the high speed streams with
intermediate values, and translent flows from energetic coronal events which
have the highest abundances, and which, of course, occur mcre rrequently when
the sun 1s actlve.

The characteristics of solar wind flows containing helium abundance
enhanc2ments, HAEs, prevliously known to be assoclated with transient coronal
disturbances, have been systemltized using a superposed epoch analysis of 73
large events whlich occurred during 1972-78 {Borrini et al., 1982b). Nearly 50%
of the HAEs were assoclated with Interplanctary chocks and/or geomagnecic
sudden commencements, but the plasma pattern assoclated with HAEs occurs
whether or not a shock or SC lgs obscrved.

low levels of the He abundance are assoclated with the low speed solar
wind, or Intersrream flowe, which In turn are arsociated wlth IMF polaricty
reversals. Noting thls, and traclng the low speed wind back to the corona, It
Is  posslble to ldentlfy the coronal equatorlal streamer belt as the source of
Intevstream flows (Borrin! et al,, 1981; Gosling et al., 1981). 1In these coul,
low apeed flows, miuimums  In the abundance are nssoclared with maximums In
proton density, ldentifylng a large fractlon of the flows as noncompresslve
deralty  enhancementa, NCWEs, o which polarlty veversals ofren occur., The

duratlon and multlplicity of rveversal events are  generally correlated, when
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mapped back to the sun, with the local tilt of the streamer belt to the solar
equator.

Another study, making use of Vela 5 aud 6 heavy ion measurements, also
identifies the streamer belt as the source of interstream solar wind flows
(Feldman et al.,, 1981). It was shown that moderate to high. plasma densities
and oxygen freezing~in temperatures iIn interstream flows match similar
conditions within coronal streamers close to the sun. It was also shown that
high solar wind electron temperatures at | AU arise from a lower coronal

temperature gradient, rather than from a higher coronal temperature.

2. ABUNDANCE OF 3He™ REIATIVE TO “He*

Untll recently only a few 3he++/hne++ abundance ratio measurements have
been avallable. Those from lon E/Q analyzers are rare because of the
infrequent occurrence of Interplanetary conditions appropriate for resclviné
3ftlett, using E/Q analysls alone., Values of 1.3 x 103 and ~3 x 103 for
measurewent perlods <f ~1 hour have been reporrted (Bame et al., 1968; Bame et
al., 1979); another value of 1.9 x 1073, mcasured during an Interval of two
days, has been reported by Grunwalde (1976). Longer term measur~ments were
obhtalned by exposlng Al follg on the moon durlng 5 Apollo fllghte, and then
analyzing peses released from the returned folls (Gelss et al., 1972).
Remarkably slmllar resulos were obtalned from the 5 fllights, ylelding an
average value of the Jite/%1e number ratlo of 4.2 x 1074,

leng term measurements roported by Ogilvie et al. (1980a) were made with
an M/Q ccemposltion analyzer on ISEY 3 (Coplan et al., 1978), As seen In Flgure
1, these results show that Me/Ne ts extremely varlable, ranclng from <1074 to

values ag  high as 1n~2,  The moet probable value measured [s ~1 x 10_3, very
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near to the first reported value of 1.3 x 10~3. Also noteworthy, the average
value of rhese extended observations, 4.7 x 10‘4, is not far different from the
average value obtained by Geiss and his coworkers from the five Apollo foil
experiments. Another result of the study reported by Ogilvie et al. (1980a)
shows that there is a discernible trend for 3Het /%He** to be 1lower when the

bpett flux is high.

3. MINOR ICN TEMPERATIIRES AND VELOCITIES

Systematic studies of the local temperatures and veloclties of minor ions
have been reported by Schmidc et al. (1980), Ogilvie et al. (1980b), and
Ogllvie et al. (1982). Briefly, these studies show that on the average the
temperatures of winor lons are roughly proportional to the atomic mass of the
ion epecies, 1.e. Ti/Mi = constant. However, in individual cases there are
significanr deviatlions from this proporcionality. In particular, rthe resulrs
obtained with rthe ISEE 1 M/Q analyzer described by Shelley et al. (1978) show
that although the proportionality still holds for Hett and 06+ at 1low
temperatures, it breaks down for HY,

Concerning minor 1lon velocitles, the results of the studies show that
except for H+, all ion specles have very nearly the? same vclocitles. Speed
differences between a minor ion such as 06 and HY are then like the well
documented dlfferences between He't and Ht (e.g. Asbridge et al., 1976). Uslng
measurements from the. ICFE 3 M/Q analyzer (Coplan et al., 1978), Ogilvie et
al. (1982) give examples of Hett-ITt speed differences across several high speed
streams. In an unusual case, following an interplanetary shock, the post=-shock
H* lons were found travelling faster than the He't 1ions for some hours, a

reversal of the usuul roles of those twu lons at hlgh speeds.
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4. ABﬁNDANCES FROM E/Q SPECTRA OF HEAVY IONS

An observarion of an enrichment of 06% simultaneously witi. an abundance
increase of He'tt in the driver gas of an interplanetary shock has been reported
by Bonifazi et al. (1980). It seems reasonable to suppose that if rhere is a
hellur envichment, there should also be corresponding ‘enrichments of other
heavier elements, and indeed such a result has also been reported for three
other tra.sient flows (Zwickl et al., 1982). A note of caution should be given
concerning the unlversality of this result in regard to a single ion species
such as 0%F. 1If the lonization temperature of the driver plasma 1s high
enough, the 06+ abundance may sctually turn out to be lower because the
enhanced oxygen will exist principally in che 98+ and 077 charge levels.
Examples of o6+ depletions, occurring on 19 November 1970 and 18 May 1971 have
becn given by Bame et al. (1979).

Further observations of heavy ion E/Q spectra have been reported from
neasurcaents made with the ISEE 2 sclar wind experiment (Formisano and Orsini,
1981) and with the Prognoz 7 plasma spectrometer (Zastenker and Yermolaev,
1981). Unusually high abundances compared to previous measurements were cited
in both reports. In the case of the ISEE 2 measurements It seems 1llkely that
the hlgh abundance values may be, at least in part, an artifact produced by
counting rate losses In the proton peak. 1In two of the examples given, the
proton peaks are double, which *he authors say is typlcal of post-shock solar
wind flows. Such double peaks have not been previously ldentified In post=
shock flows. If the double peak were the result of a double stream, such as
those observed durlng the decllnlng phrse of high spe.Jd streams (Feldman et
al., 1974), 1t would be expected that the et peak would also be double, as
reported by Asbridge et al. (!974). In these examples the resolutlon 1s hlgh

enougi, to reveal double Hett peaks If they were present. Thus, it seems likely
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that the dips between the peaks in the ISEE 2 spectra are due to count rate
saturatlon effects, so the high abundances cited should be viewed with caution

In the rase of the Prognoz 7 measurements, which also give abundance values an
order of magnitude higher than previous values, not enough Information is
available to determine whether a similar count rate saturatlion effect might be
responsible for the unusually high results. It is clear that there 1s a great
need for future solar wind composition experiments capable of operatlng in all
types of solar wind flows for extended periods of time, in order to catalogue

the extent of abundance variacions.

5. IRON IONS IN HIGH SPEED STREAMS

First measurements of the abundance of iron lois in high speed solar wind
streams have beea reported by Mitchell and Roelof (138C). Abundance
determinations from E/Q spectral measurements have not been possible due to the
high kinetic ion temperatures in streams and/or insufficient energy ranges of
the electrostatic analyzers which have ' -en flown. Correspondingly, magnetic
mass analyzers nave not been able to cover the appropriate range due to weight
Imposed limirations in avallable magnetic field strengths.

The results of Mitchell and Roelof come from an analysls of data from the
NOAA/JHU ernergetlc partlcles experiment on IMP 7 and 8 (Williams, 1977) wkich
1s sensltive to iron lons at speeds above 600 km s”1, Principal results from
this study will be mentloned only briefly here, since thls subject ls covered
more extenslvely elsewhere In this volume. FEstlmates of the Fe/H abundance
ratlo 1in hlgh speed flows show Lt to be rougily the same as the nonmlinal
coronal abundance. There ls evldence that abundarce fluctuatlons In streams
may, llke those of He, be amaller than In slov and In translent flows, us

determined from E/G measurements. Further results show that the Fe lonas
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generally are faster than HY, but clower than Hett (Mitchell et al., 1931). 1In
general, rthe Fe discriburtion parameters (bulk velocity, flow directlion,
temperature) are found to be simlilar t¢o the He parameters determined with
electrostatlc analyzers (Mitchell et al., 1982), There are factecr-of-rwo
differences between average abundances determined In recurrent streams from
different coronal holes. Similar to the He enhancements seen in flare related

flows, Fe enhancements of 4-5 are also observed.

6. TIONIZATION TEMPERATURE IN HIGH SPEED STREAMS

Temperatures at whlch the lonlzatlon startes of minor ions are established
or frozen in during the coronal expansion were reported in a number of early
papers (e.g. Bame et al., 1968; 1970; 1974), These Jeterminatlions, based on
measurements of individuel minor ion peak Intensities In E/Q spectra, uare
restricted tc the slow 1Interstream solar wind In which the local kinetic
termperatures are low or to the temperiture-depressed drlvers of translent flows
comlng from energetic coronal events {(Bame et al., 1979; Fenlmore, 1980). Tt
Is of particular Interest to extend such determlnarlons to the case of high
speed  solar wlnd streams arislng out of coronal holes, slnce the holes have
been obgerved to be cooler than other reglons of the coroun (Krieger et al.,
1073, Untll vrecently, 1t has not hecn possible to messure the lonizatlon
states of high speed flows because In those flows the klnetle temperatures are
so hipgh that individual minor fon peaks In 1'/Q spectra can’t be resolved.

Thls restrletion has been overcome with rwo new experlmentnl approaches.
The first of these utlllizes the Lon comporltion experliment on 18FE 3, dencribed
by Coplan ev al. (1978), with which M/Q aunlys»n of minor fonc can be performed
an hiph soced Flows an well as slow flows. Opilvie and Vogt (1980¢) have used

T6EE 3 data  to  Investigate the oxypen lon freczing-in  temperatures by
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determining the ratios of ion fluxes at M/Q = 2.29 (principally 0’*) to that at
M/Q = 2.67 (principally 06%) a5 a function of solar wind speed, and comparing
the ratlos with ionizarion equilibrium calculactlons, At low speedse ionizatlon
temperatures of .~1.6 x 106 K ace inferred, in reasonable agreeme.t wich
previous determinations using E/Q analyses. However, at speeds above 450 km
s'l, i.e. in high speed streams, the measured ratlo starts to rise rapidly,
suggesting higher freezing~in temperatures In coronal holes. Values above
3 x 106k are inferred for 600 km s~} speeds, The authcrs suggest that these
results might be caused, not by a hlgher freezing-in temperature, but by
electron distributions in coronal holes characterized by a temperature of
1.5 x 106K, but having a non-Maxwellian high energy tall silmilar to that of a
3 x 108Kk distributlon.

The second experlmental approach utllizes the Inctermedlate energy ion
composltion experiment on ISEE 1, described by llovestad= ecr al. (1978). By
analyzing the shapes of charge state dlstri{butlons of CNO lons In diffuse lon
events upstream of the bow shock, Galvin et al. (1982) Infer lonlzatlon
temperatures for the types of solar wind flow Incldent at the bow shork. They
flnd temperatares of ~1.5 x 106K for slow, Interstream solar wind, ~2.5 x 106K
for flare-related transient flows, and ~].4 x 100K for coronal hole-assoclated
flows.

Further analysls of the 1SEE 3 oxygen charge state daca has  {nsured chat
the high speed anta set Is not contaminated with shock assoclated eventn, The
cxtended study conflims that the M/Q = 2,3 to M/Q = 2,7 rarlo rlses at  speedn
above 450 km a~l (Ogilvie, 1982). Some  part  of this rise may bhe due to
vaclatlons In the relatlve abundances of elemente In the CNO  replon of  the
spectrum  which contrlbute to the o7 fraction In partlcuinr, However, lt ias

concluded thar this effect [a not Targe enoveh to avold having o Infer hilgh
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coronal tempertures unless a non-Maxwelllan shape of the electron dlstribution
in the source reglon is invoked. It 1ls clear thar further work on this

important subject ls essentlal.

7. IONIZATIONALLY HOT TRANSIENT SOLAR WIND FLOWS

Following flare-related Interplanetary shock waves, driver or plston flows
are sometimes observed with very unusual dlstributlons of minor lons In the E/Q
spectra measured wirh elect statlc annlyzers. These spectra show that the
plasma had a "hot" origln in Lhe solar corona (Bame et al., 1979; Bame, 1982).
Thls Ls not always the case lir driver flows; sometlmes the spectrum cannot be
dlsringuished from those found fn the 8low, Interstrenm solar wind, and
sometlmes, as dlIscussed In the next secclon, IP shocks are followed by drlver
flows whlch contaln lons Indlcactive of a "cold" orlgin.

In Flgure 4 an example of a hot E/Q spectrum ls contrasted with a normal
spectrum obtalned In a slow Interscream flow. The hot cake was measured wlth a
heavy lon analyzer on Vela 68 and the normal  example on Velo  5A. The two
spectea have  been normallzed to E/Q = 2 at che Mot peaks and ave shown
plotted on an M/Q seale whilceh assumer equal 1low speed for all lon speclen,

In the upper apectran from slow  Interstreeam solar wind, a  vypleal
distriburlon of  loa peaks I evident  heyond Aett. Both 07 and 00F e
promlnent ; wlth unresolved speclea of ¢, N, and Ne between theme A flt of  the
peaks plvesn a freeslaopg=In temperature of 2.1 & IDGK, typlceal of slow [lows.
Feyond the oxvpen peaks arve three peaks, C, b, and B that can be avtreibated to
atlteon with an adwixtwee af putfur, Beyond the St peakr Tler a proup of Fe
pes ks ranging from 1 oo 7Y wihth oa dinveibutlon  which wan  formed  at

~10% x TOPE I the corona, agaln typleal of a wlow flow,
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The lower spectrum, labelled "hot", iIn Filgure 4 shows a.dlstinctlively
dlfferent shape whl:a has been shown to be due to a hotter than normal origin
of the lonization state. This spectrum was obtalned in the driver flow of an
IP shock whlch followed a flare, varlously reported as importance 1B to 3B, by
64 hours. The typlcal Fe specle. I cthe 12% to 7t charge level positions ure
not present ar resolvable levels. Instead, a reasonable analysls shows that
the Fe lonlzatlon state has shiftad to a higher stage Indlcatlve of a freezing-
In temperature of ~3 x 10"K. The promlnent peak at D in the figure ls due to

Fe16+ lons; the Sl 1lons, normally found Iln thls range are shlfted Into the

sil2+ positlon, near 0’*. Another notable feature of hot spectra is that the
normally cthlrd most promlnent peak, 06+. ls very suhQued, berause most of the
oxypen lons arve Lo the oft and o7 charge levels.

A syseqmatle study of the vtypes of solar wind flows assoclated with hot
heavy lons has  been reporved by Fenlwove (1980) us'ng Vela 5 and 6 heavy [on
data. Spectra Indleatlng hor coronal condiclons vanglng from ~1.5 x 1008 (o
above 9 x 100K nre found In approximately 1/7 of the measurement s, Hot apectra
are found In theee types of  flows: 1) poseshock flows, PSFa, 2) nonshock
relaved  hellom abundance  enhancements, HAFs, and 3) noncompresslve densluy
cnhancement s, NEDEs . The P9Fs and  HAER nre usually nterplanetary
manlfostations  of  solar (lares, In  the ange of the HAFS, rhe flare e jecta
redach the Favth oven though s 1P shock s not obuerved.s The  NCDEn with  hot
heavy  fons dlfler from the  PSF-HAER  In several ways, sugpesting that they
evalve (rom cnerget le covonal eventn that are not {lave=related bat  [nvolve
hilpher than normal  coronal  temeratures. Actlve replonu, coronal  mann
clectfons, and equatorlal noreamers arve supgested as poss(hle towreer for the

NCDER with hot heavy lonk,
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8. TIONIZATIONALLY COLD TRANSIENT FLOWS

The previous sectlon dlscussed solar wind flows In which the minor ion
relacive !'ntensity dlstributions show thar the plasma jionlzation states were
established ./n hotter than usual coronal reglons. In the last few years a
small number of ui~ervations have been reported which show that the opposlte
also occurs - minor lun distributions have been found which contain lons which
could not have survived the usual million-degree coronal temperature expansion,

The flrst reported solar win! plasma with an anomalously "cold" origin was
detected with electrostatlic analyzev- on HELIOS | and descrlbed by Schwenn et
al. (1980)., 1In the piston gcs driving an Ir shock on Jan. 29, 1977, very
unusual spectra were found with three prominent peans at relatlve E/Q posltions
of 1, 2, and 4 as shown Iin Flgure 5. The peaks at | and 2 nare readlly
tdenclfled as due to Y and Hett lons. The peak at 4 scemed ron large to he
explained by the lon specles that usually occupy that posltion, s17+ ant g8,
Howcver, data are avallable from two difforent electrostatie analyzers on eacn
of the two HELIOS spacecraft; one analyzer counts lons Lidlvidually, while the
other measures  lon current, Normallz!ng spectrn from the two Instruments at
the charge 1 wt peak as shown In Flpgure 9, the charge of the usecond peak  wan
found to be 2, as expected for Nett, white the chinvge of the third peak wan
approximately 1 fantead of a hlgh multiple such an 7. 1, the chied  peak  had
hoeen  due to the charge 7 and B SI and 8§ fes whileh normally occupy thls
pesltion, the mulriply charged tons would have created o sufflelently  large
current  that  the peak  hefpht In the electromerer spectreum would have been
dent i tably higher than fn the countn spectrum, foe., nenr the arvow shown  in
the flpure, Thun, the thivd peak wan lTdentifled by Schwenn et al.  an ningly
chirped Ilt"", which In av undectably low leveln mont of the time  (Feldman ot

al., 1974),
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Fig. 5. Spectra measured gimultaneously with two electronstatric analyrers
on HELIOS |, plotted together. Compariron of the npectrum determined by
count {ng Ind{vidual fons with the one uaing current detectlon ldenrifles
the peak at M/Q = 4 a® Ne* rather than 517% wiieh would produce a puak in

the elartromster apectrum at the level ahown by the arvow.
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A few examples of the sporadic appearance of Het peaks In solar wind
spactra were reported much earlier (Bame et al,, 1968; Bame, 1972), but in
those cases the Het/Hett number ratios were much smaller than In the spectrum
observed by Schwenn et al. (1980). No viable explanation for these sporadlc
appearances was set forth untll the report of Szhwenn and coerkers.

A second case of high flux levels of Het lons which occurred on July 29,
1977 was und In IMP 8 data and reported by Gosling et al. (1980). The

Interplanetary conditions assoclated with this event are lllustrated in Figure
6 which shows a time sequence of E/Q spectra startlng at 2358 UT on July 28,
extending beyond 1444 UT on July 29, Durlng thls time perlod an IP shock
passed IMP 8, leaving the spacecraft Ilmmersed In the.hen:ed amblent plasma. At
1224 UT the temperature-depressed driver gas arrlved, In which the peaks of nt
and llett are sharply resolved. About 1 hour afcer the arrival of che drlver
pwns, a third prominent peak appcared In the spectrum at an E/Q position four
times that of Y. The abundancn of thls peak Is much too hlgh to be explalned
plauslbiy by an lon specles other than Het. ihe Het/llett number ratio reached
values as high as 0.3 durlng the event,

An Jon mpreccrum from  this  ovent, obtalned by summing many  of  the
fndividunl  spectra vopether Ia shown In Flgure 7. Notable features of the
spectrum in addicion to the prominentv third peak are the resolved peak  of obt
Ions and  the broaduess of the Het peak compared to the Hett poak.  No reason
han been found for why the Het fonn  In thls  example  should have a  higher
kinetle temperature than thoke of ett, an they apparently do,

A ntudy of a lavge number of heavy lon ppectrs obtalned with the Vela 5A,
50, 6A, and OB analyzeru during 1969-1975 han ylelded pome  neven eventn with
anomalounly  Wigh wumbers  of countn at the M/Q = 4 pouftfon (Rame, 1980) Many

more ¢ zentn would have boen obacrved (f foller telemetr, coverape In the nolar
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wind had been avallable. The numbers of He' ions in these Vela evenrs were
small in compariscr to the numbers In the large events mentioned above.

A sysrematic search of Los Alamos IMP and ISEE data recelved betwee?>
October 1972 and February 1980 found two more events in addicion to the IMP 8
example already mentloned (Zwickl et al,, 1982). The IMP and ISEE experiments
were designed with sensitivites for standard solar wind ilon measurements rather
than for 2ting low countrate exotlc lons, More events wouvld certal'nly have
been | ith more sensltlve Instrumentatiorn and more complete telemetry
coverage.

The most cecent large He' event was found In HELIOS 2 data of May 29, 1979
(Schwenn, 1980; 1982). 1In this case, a charge 1 peak was again found at an E/Q
poslclon 4 tlmes the positlon occupled by HY.

One other He' event, detected with the Vela 3A plasma analyzer on January
13, 1967 (Bame, 1980), is shown In Flgure 8. The measured E/Q spectra are shown
In tlme scquence vertlcally. The first spectrum shows a plasma flow wlcth
uncommonly well resolved HY and Hett peaks; most 1llkely this flow is an
anomalously ool drlver gas trom an energetlc coronal event. In the second
spectrum, a peak at an E/Q positlon 4 times that of HY shows the presence of
tiet tons In the flow., At '150 UT a small amount of He' s stlll present. At
1207 UT an TP shock had passed the spacecraft 1lcaving the amblent gas
accelerated and beated,  In succeedlng spectra the contlnued presence of et Is
evident, although the high temperature of the gas prevents complete resolutlon
of Het from He't*, In the later stagen of the event, the proton bulk speed In
the shocked  gas was appreclably hlgher than that of the lle Lons; another :ase
of 1Y fong travelllng at a higher speed than HNett, followlng a shock passage
has been reported by Opllvie et al. (1982). At 1839 UT, the llet number densley

{n roughly 50% that of nett, By 0027 UT on January 14 a new body of gas, the
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driver for the January 13 shock, had arrived. 1In thls driver, which can be
assoclated with a 3B flare, there Is no longer a component of Het. Instead, a
well resolved peak at a relative E/Q position of 3.5 shows that this driver
contained Felbt ions originating in a hot coronal region (Bame et al., 1979).

The sovurces of ionizationally cold flows seem well established as
energetic coronal events generally without a flare associlation. Including the
seven small Het events founi in Vela heavy 1fon data and the other events
mentioned above, there 1s strong evidence of a correlacion of the events with
phenomena which are associated with impulsive coronal events, 1i.e. mass
ejectlons. Many, but nor all events followed IP shocks and wmost are assoclated
with Forbush decreases. Thore ls a strong associﬁtlon with Type II and 1IV
radio emisslons, but there are no associatons with flares for several of the
large events. Schwenn er al. (1980) suggest the possibility of direct ejeccion
of cool chromospheric plasma Into the solar wind via eruptive prominences
(disappearing filaments when observed against the solar dlsk). Indead,
correlations of eruptlve pror.nences or disappearing filaments with appearances
of Het are found for the events of January 29, 1977, Jrly 29, 1977, May 29,
1979, and January 13, 1967. There are posslble assoclations with some of the
remalnlng 10 events and Ln the orhers there ls not enough informatlon to make a
determinaclon, There arc flare assoclatlons with some of cthe events which Is
perhaps not surprising since an association between flares and dlsappearing
fllaments has been noted.

The spectra of two of the Het events dlscussed above also show the
presence >f oxygen lons In low stages of lonlzatlon. Schwenn (1980; 1982)
reported the observatlion of two HELTOS E/Q spectra measured slmultaneously on
May 9, 1979 which exhihited four strong peaks at E/Q values of 1, 2, 4, and 8

vrelatlve to ut, as shown In Flgure 9. Comparing the spectrum obtalned by
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counting individual ions with one obtalned by measuring the charge deposited by
the analyzed ions, 1t was possible to show that the lon charges of the four
peaks were 1, 2, 1, and 2, identifying the ions as HFY, Hett, Het, and 02+,
Thls spectrum was obtalned in a transient flow wt.:h was very well assoclated
with a nonflare-relatred eruptive prominence.

The second case of a spectrum with oxygen in low ionlzation stages was
reported by Zwickl et al. (1982) and 1s shown ln Flgure 10, contrasted with a
wore normal high density flow. In the upper panel, envelopes which reasonably
encompass the 81 peaks and Fe peaks are shown. Generally, these minor lon
r,roups In spectra meas'red In slow solar wind can be fitted rather well with
smooth envelopes whlch are somewhat broader than aa lsothermal flt would!
rredirr. The greater broadness has been attributed to the fact that the ratiovs
of adiacert palrs of lou gpecles are establlished ar different helghts In the
corona and hence dlfferent temreratures (Bame et al., 1970). In the lower,
anomalous  spectrum, reasonable envelopes for cthe SU and Fe species have been
drawn, Tt {s appavent that three of the penks are far outslde of the envelopes
and  can  best  be  oxplalned as contalonlng et with some 0h+, 0 and ”Z+, In
additlon to the long  that novaally occupy rhose  pedloone, Another  [on
Indleative of  a colder than normal orlpgin la prominent, ()“*‘, and porsibly NO*
ant 00 There 1e evidence ot some €4 pn rhe Japnacy 8, 1978 wpecteum In the
apper panel,  as o owelly  and  Indeed thilpe apectrerum, atthouph notr cold ke (he
Tawer speetieum, fa somewhat coolerv than mose of the minor ton wpectra which
have  been obtalned Tn low speed rlowne The December 4, 1977 cold gpectrum won
posaibly assoclated with a dizappeariop f1lameat o Tt was not assoclated  with

an i shock,
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